Abstract:
• This is a study of 45 patients who underwent angiography and surgery of one or both carotid arteries (56 surgical procedures). All patients had detailed neuro-ophthalmological evaluations including determination of retinal artery pressure (RAP) and scrutiny for emboli in small vessels. Preoperatively, the absolute RAP value has a high correlation with the degree of stenosis of the ipsilateral carotid artery when that stenosis exceeds 80%. The asymmetry of RAP values is greatest when the stenosis is much more severe in one artery than in the other. Both RAP values may show an absolute decrease when the stenosis is severe bilaterally. In these patients, postoperatively there usually is not only an increase in the RAP on the side operated on but also on the side contralateral to the initial procedure. Almost without exception, RAP should be normal after carotid artery surgery. The finding of a subnormal RAP after operation demands immediate investigation.
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• Although Bailliart 1 described his ophthalmodynamometer in 1917, only in the past two decades has ophthalmodynamometry been used to evaluate the status of the carotid arterial system. Retinal arterial pressure (RAP) can be measured with little significant risk, but its diagnostic value in carotid arterial occlusive disease is still controversial in some quarters.-This report is based on a series of patients in whom RAP was measured before and after carotid endarterectomy and the degree of carotid arterial stenosis determined from the combined angiographical and surgical findings. For completeness, this series also includes the findings on the vessel not operated on in patients with unilateral carotid arterial disease.
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Methods
TECHNIQUE OF MEASUREMENTS OF RETINAL ARTERIAL PRESSURE
Preoperatively and postoperatively, retinal arterial pressure (RAP) was measured by direct ophthalmoscopy without an assistant, using the Mueller ophthalmodynamometer. 2 Values for both systolic and diastolic RAP were recorded in grams. Preliminary ocular tensions were measured in all patients and were normal. Whenever the patient's condition permitted, the RAP was measured in the lying, sitting, and standing positions along with simultaneous measurement of the brachial blood pressure. Postoperative measurements of RAP were obtained on one or several occasions on each patient. of the great cervical vessels. Ophthalmodynamometry was performed by a neuro-ophthalmologist. This series includes only patients treated surgically and does not include cases managed otherwise. Most of the patients had episodes of transient cerebral ischemia, including amaurosis fugax, but some had small completed infarcts, and one had a large completed infarct. After operation, the detailed neurological evaluation was repeated, again including auscultation of the cervical arteries and ophthalmodynamometry. 
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Thirty-four patients had a unilateral procedure and 11 patients had a bilateral procedure. Bilateral procedures were staged three to eight weeks apart. No occluded vessels were explored.
GROUPING AND PRELIMINARY DATA EVALUATION
RAP values in absolute terms are meaningful only when correlated with peripheral blood pressure and are most meaningful if there is a difference between one side and the other. In this report we considered an asymmetry of RAP of more than 10 gm or 20% between the two sides (in both systolic and diastolic pressures) to be meaningful in the preoperative evaluation. Also, in postoperative evaluation of RAP, an increase of 10 gm or more in systolic and diastolic pressures was considered meaningful. If an increase of more than 10 gm was seen only in the systolic or the diastolic measurement, we considered this as "probably meaningful." When there was a marked difference in systemic blood pressure between preoperative and postoperative recordings, ratios of RAP to systemic blood pressure were compared and an increase of 20% between preoperative and postoperative ratios was considered to be meaningful. Preliminary analysis of the data indicated that a stenosis of greater than 80% in diameter of the carotid artery frequently was associated with a meaningful decrease of RAP and that stenosis of less than 30% in diameter was not associated with such a decrease. Thus, one approach was based on the vessels themselves (not patients) and the data were divided into three groups based upon the degree of arterial stenosis: grade 1 = 0 to 29%, grade 2 = 30% to 79%, and grade 3 = 80% to 100%.
A second analysis was based on the various possible combinations of the degree of carotid stenosis on each of the two sides (groups A through H). In addition, group J included the 11 patients who underwent a subsequent endarterectomy on the contralateral side.
To assess the frequency of asymmetry of RAP preoperatively, the data from 35 of 37 patients with grade 3 carotid stenosis were 
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considered for special analysis (two patients with grade 3 carotid stenosis were omitted because of incomplete data).
A special analysis of 34 patients in groups A, B, and C and seven patients in group D (patients with low RAP preoperatively) was completed for postoperative RAP changes.
Finally, systolic and diastolic components of improvement in RAP after operation were compared. This included all measurements which showed a meaningful improvement of RAP postoperatively and therefore is based on vessels with low values preoperatively.
Analysis of Results
PREOPERATIVE DATA
The mean systolic and diastolic RAP values for arteries with grade 3 stenosis were significantly different from those for arteries with grade 1 or grade 2 stenosis (table 1, figure  1 ). The absolute values for diastolic RAP were not decreased as much as the systolic values when stenosis of the carotid artery was severe. However, when expressed as a percentage change, the diastolic decrease was as great as the systolic.
In the 35 patients with grade 3 carotid stenosis analyzed, 26 had a meaningful difference in preoperative RAP (tables 2 and 3). The nine others had negligible differences, most commonly related to bilateral decreases as the result of severe bilateral carotid stenosis. The status of the contralateral carotid artery therefore seems to play a role in creating an increased incidence of pressure differentials in the evaluation of carotid arteries. The more asymmetric the stenosis, the greater the incidence of unequal RAP values. However, even in group A (tables 2 and 3), in which stenosis was severe on both sides, half of the patients showed a significant decrease on the side responsible for the clinical symptoms. There was no evidence that the patients with recent onset of symptoms had an increased incidence of asymmetry (table 4) . In seven of 13 patients in whom RAP values were measured in different positions, the asymmetry was greater in the sitting or standing position than in the recumbent position, although none of these patients with asymmetric RAP had equal pressures in any position. 'Lack of asymmetry was result of bilateral decrease in RAP values. fTwo patients not included; data were incomplete because of ocular abnormalities.
COMPARISON OF PREOPERATIVE AND POSTOPERATIVE DATA
In 27 (79% ) of 34 patients with severe carotid stenosis (grade 3) on the side of the initial surgical procedure, there was an increase of RAP postoperatively (table 5) . Three patients (9%) showed a probable increase in RAP postoperatively. None of the four patients who failed to show an improvement had had a severe decrease in absolute RAP value on either side preoperatively (the lowest measurement was 83/36 gm); in two of these four cases, the RAP values were symmetric postoperatively although they had been asymmetric preoperatively. In addition to this improvement in RAP on the surgically treated side, 16 patients showed a definite increase and two showed a probable increase in RAP on the contralateral side as well as on the treated side. In table 2, showing mean RAP according to various combinations of carotid stenosis, 36 of the 45 patients are included in groups A, B, and C. These are the patients who preoperatively had one severely stenotic carotid artery with varying degrees of stenosis on the opposite side. The relatively large numbers of patients in these groups permit the following conclusions:
1. In the preoperative evaluation, diminution of the absolute RAP of the severely stenotic carotid artery seems unaffected by the degree of stenosis of the contralateral carotid artery (note mean preoperative RAP values on the operated side). On the other hand, the asymmetry of RAP is increased by a greater difference in the degree of stenosis of the two vessels (compare preoperative mean RAP values for operated and opposite sides).
2. There was no meaningful asymmetry 572 of postoperative RAP values in these groups due to equalization of an initial unilaterally low RAP on the surgically treated side or to bilateral increase of RAP when both were decreased before operation.
3. The lesser the degree of stenosis of the opposite carotid artery, the greater was the equalization of RAP after endarterectomy for a severely stenotic carotid artery.
4. Mean RAP values of the side not operated on improved postoperatively in patients with severe bilateral carotid arterial disease (groups A and B) but did not improve in patients with only unilateral carotid disease (group C) (see last column).
In regard to data from groups D through H, definitive conclusions are hampered by the small number of patients. However, it seems apparent that postoperative increases of RAP were less in the lower grade of carotid stenosis. This may reflect, at least in part, the fact that preoperative differences in RAP between the two sides were relatively small.
The 11 patients in group J who had bilateral carotid endarterectomies and whose RAP values were measured between the surgical procedures had a meaningful bilateral increase in RAP after the initial endarterectomy in all except two patients. Interestingly, in these two patients there was further increase in both RAP values after the second procedure.
Although the magnitude of absolute increases in RAP after endarterectomy is greater in the systolic than in the diastolic components in absolute terms, the percentage increase is not significantly different in the two components (table 6) .
The preoperative angiograms for six patients who did not show RAP improvement on the side of endarterectomy were reviewed. All of these patients had preoperative absolute RAP values within the normal range. Angiograms for four of the patients were technically suitable for studying the hemodynamics in the region of the ophthalmic arteries. These four ophthalmic arteries ipsilateral to the endarterectomy were visible and showed no delayed filling with the opaque medium. In two cases, the angular branches of the external carotid arteries were prominent and appeared to anastomose freely with the ipsilateral ophthalmic artery. A prominent pterygoid plexus was seen in one case. No collateral branches from the external carotid circulation of the contralateral side were recognized.
One patient who had a borderline postoperative RAP increase on the side of surgery was found to have an occluded ophthalmic artery on the same side when the preoperative angiogram was reviewed.
Early in the series, eight postoperative angiograms were obtained for correlation with postoperative RAP. All vessels were patent, and none showed areas of stenosis or irregularity of the lumen. So far no patient under study has shown signs of recurrent stenosis or obstruction on the basis of clinical findings or follow-up RAP measurements.
Cholesterol emboli were observed ophthalmoscopically in 13 patients. In ten cases, the emboli were seen and recorded preoperatively; in three, they were not observed preoperatively, and we assume that they were dislodged during the endarterectomy. In five of There was no mortality in the surgical group. There were two cases of embolic phenomena, each resulting in a paretic hand; this gives a morbidity of 3% based on operative procedures.
Discussion
The accuracy of ophthalmodynamometry depends to a great extent on the experience and interest of the examiner. Much has been written about the significance of differences in RAP between the two sides, and it has been said that RAP is meaningful only when the two sides are compared.
"
11 From results reported in this paper, it appears useful and important to consider both the asymmetry and the absolute RAP values in evaluating the status of carotid stenosis, because various combinations of degree of stenosis of the two carotid arteries may produce a diversity of readings. We also believe that measuring the systolic and diastolic RAP values is more meaningful than measuring either alone. 7 ' 12> 18 Simultaneous systemic blood pressure measurements are necessary. RAP should be measured with the patient in both the supine and standing positions, when this is possible, because this will not only enhance the asymmetry of the readings but often may uncover a significant orthostatic hypotension. 14 Our data suggest that not only the degree of ipsilateral carotid stenosis but also the degree of contralateral stenosis can at times be estimated from bilateral measurements of RAP. It is noteworthy that the absolute decrease of RAP produced by carotid arterial stenosis is not likely to be affected by the condition of the contralateral carotid artery. On the other hand, the asymmetry between the two sides is enhanced by asymmetry in the degree of bilateral disease.
Although the incidence of RAP asymmetry in preoperative evaluations did not correlate with the duration of symptoms, this result must be interpreted with care because of the selection of patients for this study. All patients referred as possible candidates for surgery and included in this group were having symptoms at the time of study and operation.
The postoperative RAP values were 574 increased or probably increased in 88% of cases in which the carotid artery was severely stenotic and the 12% without such an increase had normal RAP preoperatively in spite of the severe disease. An increase or probable increase also occurred on the contralateral side in 53%. These latter increases reflect the cross flow from one side to the other through a functioning circle of Willis. They reflect an increase of perfusion pressure at the point of measurement, the ophthalmic artery, but this increase in perfusion pressure must not necessarily be considered equivalent to an increase in flow. With normal autoregulation, increases and decreases in perfusion pressure are compensated for, up to a point, by increases and decreases in peripheral cerebrovascular resistance. The bilateral increase in RAP suggests an increase in the component of cerebral blood flow on the nonoperated side coming from the operated side after the initial endarterectomy. The postoperative improvement in RAP was less marked in the patients with carotid stenosis of milder degree. In patients who had bilateral endarterectomies, the RAP values usually remained at the same level attained after the initial procedure. Equalization of postoperative RAP values is expected to occur in most cases.
In patients with an angiographically or surgically proved carotid stenosis and with RAP decreased on that side, an increase can be expected to occur after successful endarterectomy and should be great enough that no asymmetry exists after operation unless there is some direct explanation such as occlusion of the ophthalmic artery. A failure to achieve improvement must be explained. Since the data for this study were collected, an additional 50 arteries have been operated on with uniform improvement of equalization of RAP in all except one patient. This patient was studied and found to have an occluded carotid artery which was then reopened, and following restoration of flow through this occluded vessel there was equalization of RAP. This further illustrates that the RAP can be used as a reliable indicator of the status of the vessel after endarterectomy. The finding of a low RAP postoperatively demands investigation.
Preston and Petrohelos 15 reported one case of gradual increase of RAP over a period of two weeks after endarterectomy. The status
